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e This study is partly 2 sequel to the 1nvest1gatlon of isual acuity
conducted by the Personnel Resear s¢h- Section; AGO, Department of the Army (1),

. During the past war, dissatisfaction with tests of "visual acuity" led to
' éfforts by the ArmyaP vyhdatlonal,neqearch Souneil Vision Committee to
- standardize: visual examinations, in thé hopé that uniform results might be

secured th=oughnn+ the armed forées, In the course of this work the quess

g e =3 AW

P R T T

%4ion arose as to whethér or not the wida variety of tests in use wWire &ctu-
uliy fisapuring a sinPle,homogeneous function, It is of great ny% wzobical as
well as theoretical signifieshce to know whethsr several raJnulvely ibdem
psndsnt aspects of visugdl aiscrlmlnatlon are involved %n the veriouf measurss.
"visual aculty.“ __— i

The results of the AGD factorlal analy51s showed clearly that
"visua) acuity" as measured by different tests is not a 51mple, unidimen-
‘81ona¢ vamablec Instead several vsennlally unt elated aspe w8 of v1sual

—ass e

T ts superflclally BllkB dlffered mar?edly in "factorlal" cgm9041tiono A
-gimilar situation was. found with tests of dépth per,¢ption and of phorias,
which were analyzed in a .second part ¢f the résearch. The following general

":Qanlus*on was. reached° . -

S

“n

- "G4 ince all pregentlv a¢ﬂ11ab le aculty and depth vision t ests, &
wall cha¥t of machine, have Tazgée parts of their variance deter= ]
—:minea by nen=pertinent factors, much remains to be doné to make
them really satdsfactory, ... Any val 1uy ; studies based pon a
single type of visual test can only with great danger be used to
'"p“edict action Based upoi gomé other method sunnﬁsedlx mnasarlng
- the same functmOﬂ" (1 D ¢40;, B 7 ’ e
The depth perceptlon, ests used in the AGG an alyon weve all based 1
upcn binosular. dlsparlty in the visys of ftest objects presentsd by means of
stereoscopi¢ optical devices, Thé four depth variabvles were (€53 the "fay
depth™ measures of the American Optical Company'a Slght-Screener, the
. - Bausch and Tomb (rtho~Rater and the Keystone ieieblnocular, and (b) the
"nea¥ depth! score of the Slght-bcreener. 111 of them wéPe. supposedlz
- . . .meessuring stereoscobic aguity, Yot the correlations among the messurés
* - geglifed with d11ferent machines Were -only moderately high, Tanging Irom
.31 $o 63, The factcs called "Depth Perceotlon" showed 31gn1flcant

i

- 1“5 *ollowlng g"aduate students served &8s research dSSlstantS»tarough—
out the peried of this study? Paul Bakan, Benjamin H, Brown and Siiney
R Wélnsteln,‘alnelr unfnlllng ceoper&tlon is grateful 1y acknowledgeds '
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loadlngs ot aks of these depth variables; but the variange of the scores for
some. of the tests was dué as much to the generzl acuity factor called
’“Retinal Resolviion™ as to "Depnh Perceptlon." In all of the depth tests
the "spe¢ific and error” varianeé vas high,

SARTE mnas A eV RwASede o

L

similar tests of apparent, depth perception, it s not surprising thzt their
) correlution with %ests involving real depth would be low, Such is the trend
among the corfreiations reported. “Fonda et al. (2} found virtually no correla-
tion between Fbwara~Dolma1 scores and the Saght~Screener depth test, and
Secores on the Howard=Dolman T6d test showed quite low correlations Wlhh
Ortho=Rater seores, according t6 Imus {11). Using sitbjects with 20/20 visiom,
he found conrelations rangihg fmoh X4 t0 ;23 between agdcuracy scorés on the
waard-Donan and the Ortho-Rater depth test: The correlations between
. Howard»Dolman variability scores and the Ortho—Rater scores range from ,20
to 240, HMoffie \13) found higher correlstions betusen Howard=Dolman and
Or+he—F“ tef seoress 49 and 54 for accuracy and variability scores on the
Howerd-Doluan, respectively. Meffie also used subjects with 20/20 visual &
dcuity or betters Sueh a réstriction of the range of subjedts in Visual
acuity should yield lower correlations than would be found with an unsélected
sample; if performance on the depth tests is influenced by visual acultya
This inference is suppérted by the results of the AGO study showing the in-
fluerigé .of visual acuity upon depth per¢eption.. Expcrlmental studies fe.2,;9 )
_have l_kew¢se shown a high correla 1bn betwee 1 visual acuity and stereo
‘acu*tyb o = ~

. With such a high degree of‘epeeigicityramong these superficially

B dir? warE Crise, o

Slw

- "‘“-2..‘.\‘11..;‘ ISR

T

o - In view of the moderate .size of the intercorrelations among binogular
g%8. of apparent depth, it might perhaps be predicted that different bingcus
r tests of real depth perception would ¢1kew1se‘fa11 to shoWw a high degree
- erespondence. One study (15) reports & corrslation of s43 between‘the
= dOL rd-Dolman test and the Verhoeff Stereopter (218), The two visual situa=
~tims presented by thesé two tests are alike in dependlng upon binoeular —
para¥lax, but the teshs are quite different in other respects, including the ;
mode of responsé of the- subject,. Ev1dentlv the differences contribute mcre
to-.the dete“mlnation«of performances in the HWo tests than does the "ctmm

Calityr , , ) ] . : S

1‘) l&»«'d'

{REZITNR SR

: AlLL of the. ;eg01ng studles have been concetned with binocular -depth R
e lperqeptign, which arises from the dlepar ty of the %o views of tridiménsional '
objects pregented to the two eyes‘ But,_perception of dépth and distance is

- ’ posgible wlith one exa i o ! tnonoculart cups are usually operative concur-

3en$1y with the binocular. The impértant monocilar factors ineclude relative

size, anuzyuu"u¢uu, Iinear perspective, aerial perspective, relative rate of

——-  movement, light and shade, and accémmodaticn (6\ These conditions, becorie
iacrea31ng1y important as the diseriminations Fuvelved occur at greauer “and
gréoter distances from the subject., Since the eyes are -only about two and a
half inches apart, they will have virtually the same view of objéats 10 yards
“away, Hirsch and Weyriouth (8} réport that at 122 meters binccular distance
pevoeptlon is twice as good as monocular, and éstimate that at abeut 1200
meters the two types would be approzimately equal in effectivehess, But these
f;gures do. not necessarily mean that blnonular disparity (steres asuity)

29 -
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prnduces ail of the superiority of the two eyes over cnes The coordinated

uge of monocular oiuesg by both eyes is probab¢y~also an important gonditicn

of depth perception at such distances. It seenms likely that the dspth and

distance diseriminations imvolved in many of the tasks of the flyer and of

the motor veéhiclie operator are determlnea*malniy by monocular cues. More-

over; the numercus and complex monocular cucsg may opérate differentially at
different distances from the observer, ,

oty Ty i o0 1K

~ This general conclusion is supported by Kirschberg?s (12) report of
~ the absenge of relationgkip betwsen flying abllety and pérformence on the tests
- of binocular deépth peroepition, -

3 40 e e el

There hag been a comparatlve deartn of ressarch on monegular depth
arception, which is explained by Gibson {5y in terms of the failure to
Adenblfy and ¢ontrol the stimulus variables in question., In the case. of = )
binoeular depth perceptlon the development of stereogcopic and associat o 8
instruments permit -of Guahtiiative gontrol of the stimuliis ¥ariable of” retlnel o
ddsparity, with a consequent emphasis upon, roseatéh i1 stereo aciuity, Prac= |
ticgal impetus to research &n stereo acuity was also provided in World War IT :
by the. nec9381ty to select and train opératsérs of ste?eoscopiu range finders s
and Yeight fihders, No cemparable interest or ressarch éffort oceurred for 3
mohoculer depth pe»ceptlon. Gibsonts develofment of a gize estimation test o
for the Army Air Forces (6) is an 1mportqnt exccpulon to this trend; #4nd it o
___saould be noted that a gonsiderable cméunt of imporitent basic regearch has
been dcne on two aspacts of mohocular depth perceptlon. Grdaham and hi§ agSo=

ctates {7, 19) have established significant quantitative relationships for
Abhe Iacte“s which influence monocular mevément parellax thresholds, And 2
considerable amount of work has bsen dome. on the rela 1onSh1p betweee 51z=: £

T and ?’xis tafce: in depth péroepticn L4, 1u)., o - -1

“d

2, The“?zesent Studx - ' o :

,\

- lﬁ bh Li_kt of previcus research, Ydepth periception” is apparently
not a homogene 18 be havvor variable but 1nstead +5 a bioad ¢lass name for a
_variety of visual diseriminationa, Varying degrees of ’communalltv" seeri
to exist among these diverse aspects of depth and distance discrimination, |

T

. _ T% s importént %0 know more about ‘the "structural" interrelationships among 3
these several dimensions of déepth pevrception, as well as to khow how dis~ s
crimination of distance is relnted to other wisual fu etions. The present
work attempis to study these felatiofiships. Such knowledge ‘shéuld hawve both
theoreticai and practical value, It should contribite towards an integrated
science &f' ¥isual behavier by p rovidinp ¢lues to the naturé of the dependent
- - imepinbles invelved.. Agd.lt_SbOle providé guidnice to ind-viduals and égencies.

oncerned with the seleetlon, traihing and management of mén. who: rust judge
depth and distanﬂe in the course of ooc“ﬂﬂ+ emal auties. B - =

oA,

e e

Mo e, el

SoALe:

L
So-anee

lsgr. b,

:~'.-Q_, 1pPe- spee;fica’gj, uhzs sbudv has .the follow1rg 55jé'€ng§f

|
& .
S

(a) To sacure norms of performance for a falrly iarge group ¢L sub=
_ jerts in a variety of visual test situatione; noluaing both monoculatr and
;,A,;reﬂuiar depth diseriminedions. The boshs wo be given tW1ce with an -
interval of about ore week betveen the two o eri &8s, S . PR

t
1
+
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{(b} Te study the interrelationships among performénces on the
tests by means of factor analysis, with particular reference to the deter=
minants of variance in depth perception tests.

®

~(e) Te establish the reliability both of individual tests and of the
factorial analysis, by comparison of results secured in the two series of

testg,

{d) To deternine the p0331ble effects of p”actlce upon the differ- -
ent ty“¢s of visual bphav1or unider studys

1T, THS TEST VARIABIES

ucﬂc

y the

ibe selectron .of the. v1sual V& iébieg was dict't 1 mainly
’olloW1ng cau:iﬂerativ“ :

$he.test.gitua$igﬁ$.would‘includé'both ndn:depth and depth .

>

<~ s -

2. ‘Béth:ménoculéifanéfbinocuiai~@épth-%§fiabieé'wQuld be includeds’

-3, .Tbe binocular tests wotﬁ&i;hiro Ve ~bdtﬁ~ _"rga‘i{!i depth and g,:Lmu-
Ldted stereoscopic dépth. - T o e

" L, ‘The monocuiar tests would be as varied as possible, ¢onsistént
with the scope of the study and the techn 1 feasibility of ¢ontroL of
CGndltIONSg o '

5, The non-depth variables would :include both acuity and phoria
‘meaSuneméntsjcompaféblé~Wi£h those made in the earller AGO gtudy,

gtéred ‘ifhln a single
at

6, The serles of tests would” be-admin red W
ed at 4 . J“tef pyrlod,

1ig
period of nét 16Wger than two heuws « o be repe:

7. Tn order to 1ude a wide variety of test ultuatlons within -
the limited periocd, each componen+ was made as short &§ seémed consistent
with a reasonably hwgh Tavel of rellablllty (determined 1n ‘exploratory

per_mentatlon). B , : e

g frr vaaldht

WL ght visual varlables were flnally an]uded in thgrstuay.
Iogcther dlth the age of the subject, they are 1isted in Table I in the
order of administration to the gubjects, The following is a ulﬂSSlflcag
tion of these variables, the numbers in parentheses refe"rvng to the -
humbers in Table I: 7 : A . :

I
g T MR S — e et ) 330 s . . et
I 1IN R SRR o) Gt A e b bt oo e oo 4 ot -

preferably one week later, , , 7 ‘ o 7 o

- gty amppmen)

e

g o

Jand)
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TABIE I ) : ’
=~ 1is%c of Variables Included in the Study
1. Age --.the ages of the sub;]ects (all *1&@) ra:ged from 17 to 39 yearse B
—— -2, Heward<Dolman binocular depth perception test fat 20 feet) a f{
" 3, Howard-Dolman edaptation for monocular mom.on parallax .
& be S:Lghtcm,ree ier -- far sherecpsis \o.'.oan *s circles)-
i 5e. Stgh**-bcreener - far acuity {(SToan's Iandoli rings - both eyes?) 7 -
6, Sight=Screener =~ near stérsopsis (Soan's circles). LT y
; 75 Sight-Screener = neay acuity {Sleanls Iandolt rihgs - both syes) g
- 8 AAF Digtance Dstimation Test CP212-A (Gibson, sizé-at-a-distance) |
- T 9T 'Ortho-Rater Fab == far stercopsis . N %
10, Ortho—Rater F=5 «= checkerboard: far acu;ty,. r6ft o9 ) - T
1ls f‘z==.xc£a.at,s,,r Pl - che_ckerbo_arg.. far aculty, right eys i
12, Ortho=Rater F=3 = .chéckeFboard: -far acuity, both &yes L
- 33, OFthé-Rater N-3 == ghéckerbosrd: rear acuity; left aye ]
‘ 14s Oftho-Ratfer N2 == checkerboards near &culty, rlght eye t
. 15, Ortho=Rater Nsl ~= checkerboards near aculty, ‘both eyes . I
" . 16, Obtho-Rater P=l == far Vertical phoria S o )
17, Orthé=Ratsr Fed i= far lateral phor.La o - i}
18, Optho-Rater F=7 ~~ color C .~
19, Orthe-Rater N=j == nesr vertical phoma ' g
205 Ortho~Rater Ne5 == hear la: tersl phoria .
'Zl,y:.eleblnocular 01rcles. near acul’cy, both- eyes - - /
o 22, Telsbinocular signbestss fab acuity, right eye e - ’r
'23° Telebinotuler. s:.gnpost& i‘ar BCulty, 1eft eye E
24,5 Talebinocular near sterdéopsis T i
25, Telebinocular far stereopsis S , - M
26, Howard-Dolman-Weinstein (tili ed, colored targets at 1@ fee+) : -
__ 27 Ames-Tresselt size-dépth adjustment ST - FE
© 28, Ames-Bakan interpesiticn fllusion - i
29, Verh ‘aeff Stereop‘ber - - L ) j‘
- —. .7 . . e ~ "~ _ B
- " - BV ) — : %‘
Test va"iab'l.es 2 = 29 are llStod in order of admlnis‘orationo Theé numbers at {
the left .are used throughout the report o designate the respcctlve variables, e
- - §
R o SR - i
- ) !
- ) . ) B “ - f
. e B ~ s é
N _ : f
_ h ) i
s -
5. - X ' ) o ¢




A-~~ui3ucular UPQAnqdérldb1€°

. *¥ Real depth (2, 26, 29) =
f72} Slmzlated denth (4, 6, 9, 24, ~5)

Monocular Depth Variables ; ;1_, L= T

- 1) Monocular motion parallax (j)

" 2) Size-at-a-distance egtimation (8)
3) Size~depth i1lusion (27>
4) Interpgs*tloﬁ 11Jusion (28)

Viguad Asuiby ) ' , e o
1) Far acu:x.ty (5, 10, 11, 12, 23, 23y - L.
2) Nedr- &cul'by (7,.13, 14, 15, 21y T

Ehorlas S ' : IR

Ay Vérticul far .and near (165" 19): o B
/) Lateral, far and near (17, 20) A

. ’ E. Gbl‘or 'cOrﬁho-.-Rn-teii) (18)
Descript1ons of thees test variables aré given in some detail in :

Appendlx A, InC4uding the numbe*s of items (discriminations), and ‘the methods

"of's"oring, o . _

hlv des1rable +8 have had. more - and al#do

lb would have been hi

more varied - gituationg 1nv01,1ng the use of monocular cues, Bul thé neces=-

sary rcsearch and - dev. Xopment. has 51mply not been -done ¥ith thése variables;
__pglnted_ou+t(4, ) “Extensive experlmental work must précede
the dev=4opmenu»of sb ndardized "testa" based upon thése complexdy inters

It wos not possible in thé present study to go farther
tnan-the four vnrlables Tisted, A&nd . sven with these factdrs the experimental
base was not tod golidly establlshed But it seemed Worth while fo chéck
TUROY. the. trénd in interrelationships among gven so f&if monocular variables,
28 well o8 Yo determine ‘their relationshlpc uwith the. o*ner visual Punntlons

Tisteds - - , . N

. Tne s~udv developed in four stageq, (a) *eview of llterature,
selection and deve elopmen’t of the tests; (b) preliminary experimentation,
tandawdizatlon CL GondE: ions, end training of examiners; (¢) administration
of the test ‘and ‘rétest- £8¥ies to 228 subjects; (&} anglysis of pé gults aad
- pweparatlon of thc report, This section describes principally the general
conditicng and pr0Cedura,;c: the adminigtration of the tests, Appendix A

¢ontains. ~.deazcrlpv?on of the Several testsq
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. A*l of the tests were conaucted in a large Le~shaped room whick
was subdlezaed Anto appropriate bocths and one small dark=reom, The booths
N were arrénged around the walls of this room so that the several tests eould
be easily administered in the order listed im Table I. Shades were drawn
in the reem and no lights wers used except those in the test ingtFuments or
situations, The walls were painted & neutral gray, gxcept in the Ames-
Tresseai room which was’ palntau'biaskg : :

E2]

;gaust-fan kept the room fairly

';- Tralnlnv of anan°TS.
The perlod June 1 16 July 11, 1949, was devoted to the standard-'
1zatlon of the tests and to the tralnlng of examinerss fel*mlnur teste
retest réliability coefficients were caleuiated for most of thé varlaules,
as a bagis for settlng the lengtlis of the vésts, The latter factor in turn
detetmined the nuimber of variables that could be inicluded in the battery.
As a rule, some 20 = 30 subjeets,ma“ﬁfyaed in these preliminary téstas

~ The examln‘”s wore all graduate students chosen for depéndebil:

ity
and-who seenind to achiave a satlsfactory dagree 6f rappeort with sub*ecu_.g

Insmructions were prepared for each test, in two parts:

(ay diféétgons to be read by thé subaect, or o uhe subaect by the examiner;
(b) directions: to_ the examiner ren the tests,
and then practiceéd the admlnlbuTa 1Qﬂ ot gggn tnst under supv‘._31on until

"" Je As before beglnding the~regular semeq°

-3, ”rﬁcedure w1th the Regular Lest cerles. e ' S

The subgect came t9 an efilce ad*acent to the @es @Qémrf‘i_
iaterview, Relewvunt items of visual an& méalcag histvory
ce a
s

=2 noted He wgq nsked about previons tests of depth per n
?s upationai history, An examiner then conaucted him t ©
- - and thp series. began, A sxngle éxaminer gave all of the testa; in o"der, to
- a given subject. Subjects who hod them vere tested with 4 heir glasges on,

4.:.

or tireaame Yo certain subjects, in general the individud
snfflclently ghort and varied to render theae factors relatlvely unimportant,

. 3 - . e

the prrocedure was well understood, They then testéd Several adﬂitLOﬂal subu'

- ‘ ﬁqy total time varied from 1} t6 2% howrs (the Petest sessions were neturally

shorter ‘than the. initial ones). Although the serj 8 becawé somevhat fatiguing

n e
3 e r.n.ra s:ccauwd o be

i 2 EY

2In additvon ta the réséar h.aSSﬁsiants, Messrs. Bakan/ Broun. and
) Weinsteir, the exmmiviers were: Maxwell E, Becker, Leah Blausteln, Melvin
- o Dudkin, Robert Vinebbrg,ILJ%nn Wagner, Berhard VWeiss and Alvin Volf,

ity ‘ : ‘ ; ‘ : ‘
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The schedulé cuiled for tho-retesting 6f the subjects one wesk
after the initial series;, But many of them did not return as séheduled;

and these were metested &8s soon ulterwards as avallable.

Because of delay in ¢ moletlng equipment for variable 27 (&mes-
Tresselt) and 28 (AmesnBakan,, these tests were not included in the first
test s&r¢es for subjects tested during July 1949 (approximately 100 Ss).

But By the time these Ss were retested, these two variables were in useg
tbev were later retested on them sepsrately. So .both the test and retest
series for these two variables followed variable 29 (VErhoeff) for aboubt - .
half the subjects, I view of the virtually coiiplete iack of correletion
amohg. these verjables, it-is not b071eved that this iFreguiafity influenced

the-re sults approclabty,

e ey

,_,,,.“‘

o IVo SUBJECTS

A toual of 228 men served as subgects in +he study; Théy\wéré'

. madnly utidergraduates in wash‘ngten Square College, New York unlvcr51ty,

“1though *n order to compiete the required nimber of rétests a feir - . A
atudents in other schools and a few noh=students were used° . ‘

0 e o St Sttt i Tt by A <

" The ages of the subjcets. ranged from 17 to 39, with a mean of
21,86, & frequengy distribution of ages is shown in Appendlx B; Table B=1,
Orlginally it was planned to vestrict the age range to 17-25, but wheh it
. became Qif 11cult to geéury subjeéts it was decided to extend the range ohd
to trest ags as o variable 1n the Ucrreiatlon matrlx. Ondy 38 of ‘the 228

- 8g VWeFe older thb P5 ycar - S ‘ : _ ) Ni
. ‘ ‘ : . ,
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e, Visuval acuity iésts. The use of our 228 "unselected" college
- stndents makes it 90331b1e to compare the three machine tests of visuad
acuity in terms of Gomparative difficulty and mbnner of dispersion of scorss.
T Tn the AGO study most of the 14 wall chart tests gave nogat;velv skewed
‘and somevhat bimodal distributions (I, PPs 82=83). It could not be debermined
whether or not Ythe 'real! distribution of visual abilities tested are niled
¥ up in the same wey" {p. 82), In the present study the ssveral distributions
of acuity measurements differ considerably among themselves, which suggests
that such variations are functions of the nature of the test targets and of
- other,aqSQ01ated visual conditiéns, For- ‘e¥Ample; consider the three acuity
distributions for the Telebinocular. The far aculty tests with the "sign-
posts" (right and left eye tested separanely) show marked negatlve'slewness
(Tabies B=22 and B=23) )}, uith 45 to 50 pst cént of the subgectq getting maxi-
mum Seores. The Teleb1nocu¢ar c1rc1es test (both éyes)} is much more difficult
and shows far better discriminetion among the subjscts (Table B~21)0 ‘The
percentage scales of relative difficulty presentéd in the Telébinocular test
~ manual givés the same wvalue (105) to scgores which are reached, reopectlvely,
by 40 and- by 6 per ¢ent of our subjects (see Tables B~21 and B=22),

e i Bt ot A g et 4 e

shatlis:

o

N R - o e

Con81dcraole dlsparlty sxists between the . 1ght-Screener and the
Ortho-Ratef acuity tests in level of dlfflculty ahd in form of dispergion
of seores.3 The Sight—Screener far and néar aculty Scorés Show marked
negatiVe skewneSs, and the means of the distributions indicate that the"%ésc
is congiderably ensier than the Snellen values suggest (the means are around
20/15 to 20/16). The corresponding Ortho~Rater distributions show much- -
. more satisfactory dlsper510n of gooreg, as well as meoans wluich agrcu more
- ZAESLY with the Snellen *normg* Tables B<12 and B~15 Gontain these far
' and nes® acuity dl stributions (both eyes). The degree of negative skewneéss

18 considerabiy less and the means lie at dpproximately 20/1S on the Snellen
scalee The"*OLr ,rnno~?ater aisticuvitng for the twd éyes separately show

© - - similar characterrs21c;,ﬁww+n the far aculty tests having lower mean scores
- %han the nﬁar'te 8 (lGOLOS B=-10, Bell, B»137 Bu14)° o

‘d. Pnor La tes‘t‘,s.7 The four phoria ulSBf“bhﬁlOﬂS for the Ortho-Rater

L - are shownlln rubies " Belf {fap vgrulcal) P~¢7 \ia" 1ateral), B—19 &ne
v yvertical) and B-20 (ne&r lhteraT)

- The general form of all four sets of distributions is reas onably'
- satisfactory, - Al%hough not strictly "Pormal ¥ none of thesé distributions
shous the skewnesa cha;acterlst;c of many of the variebles described in
‘ ' the pré@eding poragraphs, —In-the fax vertical phoria tést more than 40
var ¢éent of the subjectQ have the samé szore of "6, Hut the fiequencies
tand to diminish faily regularl¥ ia hoth ﬂ1pectlon° from this mode° (At
- - the near point thé mode is "5,%) In the case of the- lateral phorla MEESUT B

e T ISty e
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31t should be reoal*ed that the Slght—Scr ener targéts uged in this
) study are not the standard ones, but ratner are ‘the Lando! t yings on the
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ments, the seale covers a wider range and correspondingly the measurements
are more uﬂﬂe1v dispersed.

The means for the phoria measurements show these subjects to have
considsrably more right hyperphoria than the naval populnt on studied by
Sulzman, Cook and Bartlett (17).% They report means of 5:17 and 5011 for
test and retest scores, while our means are 6,24 and- 6,25, for far vertical
phoria.. The means. are more alike for the neat vertlcal phoria measure-
ments: their wvalues are 4.50 and 4.59; while ours are 89 and 4,92, With
rtéspect to lateral phorias, their subjects are sllghtly more exophorie
lor less excphoric) than ours at "far distance"; at Lhe near point thé

relations are reversed.,

-

25 Cémpgrisen of Test and Retest Means:. PracﬁicelETTééts

The means, standard deviations and "critical ratios™ for all
variables are presented in Table II, Thess values are based upon the fré-
gueney distributiong in Appendix B, The Score units are explalned in
Appendiz:: A, TFor variables 2, 3, 26 and 27 the lower “heé score the better
the performance (S ad justed tvo objects until they were judged to be the ‘same
distance avay), In the case of the phoria meagurements (variables lo. 17,

19 and 20), the scores are not Upérformance Indices™ in the samé sense
as With all of the other tests, For the remﬁlnder OFf thé variables-
the géore waries dlrectly with Ievel af periormance.

- Bracnlce effects for blnocuiar depth tests= It is
appazent from Tabls IT that ulghly S1gnillcant practice effects appear upon
the repetition of the binodlilar stereopsis tests {variables 2y by b5 94 2%;
25; 26, 29). The differénces between the test and retest means for the
eight “b1nocular" VarlaoJes are 4ll greater than three timés théir standard L
errors. It should be noted d that the two sets of scores are rathér nighly :
correlated {see the last column in Table IT), with the zesult that small

_differences become "signifieanﬁ" With~an i of 228

- In general the. tests of "sinulated" depth (Ortho~RMter, Slght- ]
Screener and Teleblnocular) Show more “aignificant practics effsets than
do the tests of "rca’“blnocular depth. Bubt this may reflegt partly the
fact that thé method of measuring ths latter gave opportunltv for more
verlabil_ty than was pessibie with the opbical devices, The magnitude
of the differences bLetweén the test and retest means can be méasured roughly
by ddviding the difference in ench case by, say, the gtandard devigtion of
~the reétest d1e+r1butlon. The quotients ean then be convertod into units of
E:i: spdee- £} 'urmui prouablllty curve. When the “raw score" aiffe ences

uauc.; va

de Sh tests as a group are still found tu show greater gains upon retest than
tne Upagdt depth tésts ( 10 vs ,0% in "pormal cuirve" units). However, the

. 4Th£s wad “the group vhose scores were used in the second part of th;'“
A G. 0; fstudy° . — - i
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TABLE IT,
Showing Means, Standard Deviations, "Gritlcal Raetios"
and Reliability Jcefficients for Test and Retest Scores
e QM Teste
o TEST BETEST: © T8E, Diffe  Retest
Variables Mean S, Ds Mean ( ng mtical R&N:lo")e (,orre.:.atlons
1. Age 21,86 2,9 = == *::-' T e . - :
2, Hebolman - 3531 2772 31,85 2 o1 " 79
3, HeD Hotionm 3597 10,93 3L.42 o34
4o 58 F.Stereopsis 11,48 4443 12,78 65
Sy SS Fodouity 42:04 1045  43.38 &1
6. SS N.Stereepsis 13,05 4409  13.8% 9
Z. SN, Acuity 44,23 8i05 A4S0 72
8, AAF~Size 41,85 838 45,92 762 o5
9, O-R T, Stereo. _ 5,13 2417 . 5.49 B0 SR
105 C-R Fohculty (L) 9.76 2443 9470 - - 70"

13, O=R FrAculty (R) 9490 2,62 9487 87
25 0-R Fudculty (B)10.48 2:04 10,63 ]
13, O-R Wehcuity rL)lo 28 2,38 10,41 2,02
e O-R M.Acuity (RY10.26 2,27 247
I5¢ O-R NoAcuity (B)10,39 165 10,60
16 O=R F¥,Phonie 6,24 1,21 6425
17, G=R F,W.Phoria W13 299 7.18
18, O-R:Golor 4580 - 097 Lal87
19, O=R N.¥sFhoris 489 @;25 492
20, =R N,L,Phovia 6.8% 346 6.50
21, TB N.Acuity (B) 15.63 3,45 16,29
22; TB Fohcuity (R)..7.73 - 2:9% 8,09
236 TB'T WAoudty (L) 8,13 - 2971 - 8,20
2bs TB N.Stersos 16500 6476 17,80

. 072 h 7 i :’:;:
59
07(} .A ST . i
509 - :
76 i
. _!,;_—:;

.78 ’ =

E I

7 |

085
o6

25, TB E.Sterecs .~ 4Ll 6,22  16.,83 ! 65 e

- 26, Helolman (Tilt) 27,61 20,64 2427 1 W70
27, Amoa {Size}  T3.49 2 o58 2,58 652 § "
28, hmes {Interpo.) 6,58 225 6,30 226 o718 -
29, Vemhoott - 296 .1,32 B STR a - ii

*A negative sign appears in ‘c.he "crmtical ratlo" column for the i’our vamables
@,1’1,23,28) whick shoved a- lowep Zsvel of performange in the retest, Except
for thg four phoria measuréments, all of tne other differences 1nd cate improve~

ment in the secord geries of tcsbse
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P Ortho-Rotér far stereopsis test shows a difference of only .06, mbout the same

. as the réal depth tests.

b. Practice cffects for monocnlar depth tests. Three of #ne feour
monicetar variables show substantmal and highly significant gains upon re-

Lais

test: monocular motion parallex (3), AAF Vsize-constancy (8), and the
2o size~depth illusion (27). The critical ratios are 5,71, 7,02 and 6,50,

Hinll
,T@pﬂ‘"+1"b¢v" In térms of fmeunt oF gain, if the differences betwsen test
and retest means are converted into unite ¢f ores under the normal curve,
the three peroentuges are: ,17, 16 anl ,16, This means that on the retests

about 66 per cent of the subjects exéeaded thé mean -of the initial tests for
these three varinbles:..

...31

The Ames intérposition illusion (28) showed a slight "loss" in the
second test period: .the critical “at is 2,80 end the amdimt of loss in
terms of ouz "standard" unit is ,05. This means that the effectivensss of
the 1llusory interpositlon cues is somewhat Feduesd at the secend trlal
subjects tend to perceive the targéets sllghtly more as they actually are,
rather than as thé fdlse Lntﬂrnos1t10n dues dlctate, But thc change is

slight,

‘The

R R [ S R 5 Sl b i s

Py SV SRSV

é. Pract1c° effechs fov the acu;_g testse ATtogether there are
(((( Table IT shows that certain

of tnem exhlbit sllght galns -4n the secona test series and 8émé of these

gainsg gre statistiecally significant {variablos 5, ¥5, 21¥.  But the gaing are
small in amount, the lavgest eo¥responding to about 08 in "~/alpmu x" units,
(Thvs means: that some: 58 per cent of the subjects mde retést scores greatev

than the mean of the initiad test distributions, ). In the ¢ase of two of the i
ég

GrthosRater far aculty tests (variables 10 and ll), there wis a slight de-
cling in flean §core for the retest serles, but the changes Weré not statlstlc—

aily gignificant, . . .
ts ishow amuch 1gs.§ practi¢e effect than the i

o T gennraT» the acuity tes:
‘depth pevceptlon tests. ,

&. Practice effects for the gﬁo"la tents._ Anly the Ortho-Ratér
"near latoral® phor_ﬂ test shovis a statlstlcally signifiesnt difference be= :
twoen the test and retest means, ThePe is a sligh® decrecse in relative
exophoria unon repetition of the test; The amount of difference equals 4 '!
i
-

per cent in térms of "normal curve" area, jse., some 46 per cent of the
uubjects had retest scores greater than the mean of the first set of scoress

30 ’.[:esL,—Reﬁg_.'st" Reliability - T
- - The last column in Table IT prosents reiiabil*ﬁj coefficients for ~ ;

the 28 voriables, In accordance with the-plan followed in the two preceding ;-
gactions, these correlations will he dlscusued briefly for the four types - :

of test varicbles, ;g
i

a, Reliability of the blnocular egt tests, Taken as a group the

"roa T depth tests (2, 26 20) < the two versions of the Howard=Dolman afid
the Vnphoeff - aro somcmhab nore re11ab1e than the "stercoscopic" testse

eaw

s
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The régular Fbward—Dolmnn and the Verhoeff have reliabilities of ;79 énd 84,
while the modified Howard-Dolman with the *ﬂlted,<noloree target has a

|
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Ameng the tests u31nv "similated™ depth those mnqe with Moy vi31on"

are less reliable than ths "near stercopsis tests. The religbilitics of
the far storedpsis tests of the three commercial deviées are: Sighi~Screencr,

The réliabilities for near

LaL ouoa s

-65, OrthoéRater, o712 and Telebinocular, 64,
Stereopsis ars: Sight-Sereener, 79 and Telebinocular, ,76.

\

|

.

) by Relinbil;_z of the monﬁcular-d gpth tests., Only the interposition
test (28) yields a satlsfactory Ievel of r liabllity with a test-retest

¢orrelation of ,78. The other three monocular varlgbles aTll hove re siiability

| coefficients below 60, The monocular motion parallax test is the least
} dependable, with a rellability of .34, Thée judgments in this situation are
anusunl &nd Aifficult for the su Bizet, and a high degres of variability is
not surprising. Careful experimentation will be néecéssary t0 establish
optimol ¢ondit ion for the medgurement of this agd pec+ of depth discrimination,

IS PR i ey

R

Gibsonls AAF distancé estimation test 1s nore rellablc, but'the

23:item teat shows o test-retest correlation of only ¢Sbe Gibson (4, Do 215)

reports twe: "SPIit-half" reliability coefficients for the test, each: ha¢f
consisting of 20 Items: the casfficlents are .40 and 66, for tud methods
of ssoring ("numbcr right" and a weighted score), Substitiiting our cosffi-

cient of .54 in the SpcarmbnnBrown“folmuJa, a vulwablllny of .70 would be

orodicted fo* a test. of 4B 1tenis,,

s

The. &mes—Tresselt>31ze-depnh test hos about the same level of relis
) sbility as Gibsonts SAF test, Thé testeietest correlation is .52, This
) situation is subject to considerable cnbiguitys porformhnce in it &8 prob=
ablv conditioned by geveral cues and sets, The subject seces thies strips
-~ of light all at the same actual distance, but is told that the fiiddle one
i8 farther of ncarer than the Gther tiio, He ostensibly "moves! the middle
strip backward -or forward until it appears to be at ‘the same distance as the
other tmo, actually He changes the heipht of the varisble stzip until it
scdms ©o be in the plane of the two standard strips, If the "set" changes
from one of "Wtridimensional movement" to'"bidimensional matching of height,"
for many subjects, theh unreliability of "scores" would necesgarily result,
Furthes® expcﬂlmenﬁai ‘work is needad with this situation béforc its utllity

- in'the study of indiVldUﬂl differences ecan be establlshcd. . o

TR R e e T,
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In fact, thig last atatement can be applied generally to the monOﬂLlnr -
Thoy-§nebably ave-highly importont -Geterndfiants of  critical BT

VAT LuUJ.:UD. &Iy
aspects of dépth perception. But thby are also AFfiicult to isclote and
- control, - -Garcful er ¢mentatlon must nrecede the uf?ective use of them as

“deti ar. | TI~atoasta,,
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fﬂ ' Ce Roilﬂbility é% visual acuity tests, For the two Sight-Screener
ﬁouity tests tho test-retcst sorreiations of .74 &né ,72 agrse rothor closely
w*th coef'fidiénts reported for this test in the A,G.0. study (.73 and 70

for "both eyes") even though the special slide used in the present study

£ S

) rresentad Iandolt 11ngr instuaa of 1ettv tSe
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tests generslly run ISwer in our study
by Sulzmon, Cook and Bartlett (16), which also supplied the data for part
of the A,G,0, study. Our ccefficient of .87 for "right-eye" for aculty is
somewhat higher than their reliability for this variablss But cur nesr
acuity measures particudarly
the coefficients are ,59, .70 and .59 (for left, right, and both eyes)
vhereas coefficients above .80 are repoerted for all three measures in the

earlier gtudy, The reasons for thls disparity are not kncwn.

e T -

The Peliability coefficients secured for the Ortho-Rater aculty
udy than for the naval Dopulatlon studied

show considerably lower test-retest reliacbilitys

vl Ve

The Telebifiocular near acultv variable (21) - ghe "01rcles" test

vith both eyes - has the quite low reliability coefficient of" 45, But. the

noguder Vfar¥ acuity" measures show satisfactory reliabilities of .79
Tar T

two. monsdud:
and 85 for the rlght and ‘left. eyes, respec»1ve419

: S Rellﬂbﬂll sy of OrthosRater pheria-testS. The mensures of
latetral phoria are ;éuewhau more relianble uhqn the two vertical phoric tests.
The coefficients for far and near lateral phoria dre W76 and 78, while the.
two vertical phoria tests hove reliabilities:of %0 and .72, Our vertical
pﬁorla méasurements are somewhat. more réliable than the corrwspondlng_varl-

ablés in the Navy study (.62 and ;63 for near and far Dhorla) Bat their
1a+era1 phofia measuréments Show higher relich ill .92 and 8% for near
ahd fap mensures, respectively (17, p. 61) . : . :

4o Factor -Analx‘ §is of the 29 Va.;labl 8§ o

-0

: Two sets of 1ntcrcor*e;atlons were: computed from the test and
the retast scores 6f the 228 subjects., Age was added to-the 28 visual varie
abZes to make @ total of 29, The *ntercorrelatlon natriceés are shown in
Tables IIT and IV, . In each case the correlatnon coefficients are shown in

_&bg‘ypper_pa“t of the table and the sixth=factor residuals in the lewero

_ The eentr01d factor solution wes used and a preliminary &6t of six
factors usre éxtracted from both matrices. The- analy31s was discontinued
at this poimb, siace the standard deviation of the sixth-factor residunls
was “lower inleachzcase than that of a correlation coefficient of zefo, The
pr@llminary factéd patterns were then transformed by orthogonal rotation of
_axes dntso nultip*eufactcr patterns vhich eenform fairdy well to Thurstone's
eriberia of “simple struicture. It will be seen that only the first two ¢f
the §ix factors accs unt for very substantiznl amounts of the veriances of the
several testes Hé¥saove?d, only th¥ee of the factors (I, II and IVY show
consistent 1oua1rgs from test t6 retest patterns, The factor coefficients
for both smtrices are 6hown in Tables V and VI, o

8. Foctor I, \btereonsiu“ A1l of the dinocular depth vnrlables
(both freal" and Msimuloted™) have significant and substautial loadings on
this: factor. It ie given the name "Stereopsis" bscouse these tests all

dqpend upen-¥ardationg in steréoscopic angle aos a meang of sécuring veriations

in difficulty f” the test items, This factor is presumably tlLz some ds
thnt called "Depth: Perceptlon" in the AGO. study. . -
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0
i
4]

’,p&h

- A vger L4 -
8y . -
Rt R s )%L AN A el -

- »*f - * o , _ Intercorr erl,é-. t
Jarbables W 0 01 2 3 4 5 6 7.8 %W

1s Age . -0L =05 -05 -02 -0L 07 -13 06 o8
T2 H-Dolman. . @0 . 25 47 48 52 40 02 55 39
. 3« B-Diotlen =02 -02 21 17 2. 15 19 18 35
s b: S8 ¥, Staféeopsis 01 04 00 32 68 30 =06 56 23
L 5, S8 F; Aoulty 06 gz .02 0L 32 55 =06 b _ 16

& .%G. =<1

9. 88 M. Aculty - <04 <05 0L -0l <06 ~03 -5 36 38

95 o-a F., gtéreo. =085, -03 g5 U4 0@ =02 04 05 . 5%
Q. , (L) =06 .02 -10. 06 _ 03 07 =05 =85 12

=02

27 -aa\ g

~ 416,i 50 12\

- S8 N. Stereop‘sés ) uo =gz =04 10 <2 6 -01 '?5/“1,._\ 23
heseen 8, pAFSSIZ® T - - 08 <02 10 02 00 =03 =04 =13 -04
g

- 31 Mél '
b

03 25 -05. f
42 39 45
59 3% Tay”

-~ EP

t;; " .\,2. Q-R. Py Aculty (B~ -02- =01 .03 -01 =0 =01 07 02 -02 =08
- : 13. O<K N+ Acuity (L) €5 =05 =06 06 00 03 00 -01 0% 13

“Ti. O=F F. Acuity \_ru“ =04, -.Qs 203 00 =04 0 06 =02 02 =03

65 13 <04 =03
4, 2 4 ,.\f
19 - 7

) 13“”-7 :
42 18 3
2P i 26 -

19 22 22
2% 26

ub O-R Bo_.kc“ity (B) 0_6 - %Q} -03 ?02 ;él 10 Ql ';07 ‘02 06 -
XY =01 04 01 =04 00 01 =02 02 02 00 -

o '“;,,‘h..se-n 'F. “v. Phoria
a:,:lao OE‘R C*)lg'" . - 0L - 00 3?4 =04 - 02 "'UJ 02 ‘ =04 0:) 7 -03

04 03 ©2 00 0l =02 02 03 00 05 13 -05" 52

= ‘ol 175 6-R F. L. Phorda- . 0l. 07 00 =04 -01 =04 . @3 =07 -08 02

S 19, 0=R ¥:-V. Phorie - <06 TGl -0F =02 <02 =05 02 00 00 -04 01

13 =05 01 06&:
16 =01 -“-17 -14
07 09 08
05 =08 00

T Q=R N, L. Phoria 0L 05 7\__92 _-Olj ()2 »._04\ ,,‘,Jé__ =04 __95
:w:—v-* - B f_ e = /; Q‘é - 02 09 : (82 - _Ql ._03 09 . G[,. ‘bé ‘-"J-/k
i C=06 -04 -05 €1 01 ~05 OF -03 04 08

05 -01 68 01 =02 00 -0 =07 -01 11

*uo =03 0l _-03 02 -12 02 03 02 -03

T 24.,1'8;, !L_ Suafu‘ao -0l 05 0L 04 06 05 =04 -03 -03 QO
e T T g .,‘ .F v

20 23 17

o ; S =09 09 =04 -06 03 -03 G0 -05 =-07 02
“2:.71 J.zr-aa ( ze) ——wtlz =06 04 -0I 060 04 =02~ 03 00 92

-08 =04 <02 -0L 01 -02 =03 02 ©3 &6

04 -u2

e e , * -
- = <
T - -
!, \; - — -
R
o -
i
v
|
4
B
}
L .
i g e 5 - i R e e s i e o
RN S A S 4 P S ~ ke N e O N R :("‘::*—!5\'7'7 - ’ EN S :-J"’“ = TR

| 03 o7 -0k -1l 03 02 =04 02 -1 O4 -

2 eotag) polntd niassding the correlation coefficlients have M-m nm* tted-

B e e e I T e i Bt T i e

. —-..E.vifavww - -

A o e st s e e~ e v iy £ i 5 3 ne

6&
| il N
A2
e
TN 1 T v N i el i v

\

PRI

1e

!‘ L .l‘l, i e
e PR

wmeﬁ'\sm i

Ch et

1
3
i
]
!



gy <

-r
MO
Bt

32, 0-R Fs Aculty (B) -
15+ 0-B N. Acuity (I) =

28, Aase (Intorpos)
- ﬁ. Varhggff ,

Cw igcim‘

1
aid
| A

TABLE Iv.

e

Interco’rr

latilonsg¥

Intercoue;a ;’,sns angd Sixth-Factor Residuals for the Retest Scores. on the 29 Variabi

&5

o AR AN,

—
T imE ¢t

P A T e

T

@re ww L

] ?eiﬁabie&;;_m 1 2 3 4 5 6 7 & $ 10 11 12 13 L 15 1% 17 18 19 20 21 22 23 24 25 26 27 2 29

St
!

e

Age: e
' E-Balmn
3% -B<D MoYtie

‘8§ Eo swreepsia

3%
-01 =
%

- 23+

=04 ~05

- ’-09— - -
- =02 =07 _

41
36 _
P

&5
%

=01~

nQ, :

00
53
B
-05: 49

03
42
,1 2

12

‘.n.@

) aa
0% -
Q5
=03

05 -G,sf )

02 02 .01

oo, o8
00 - -01.
03 =01 -

) <03

43

4
-1,2 ~,4.!2 48 __L_"’ -

02
18
07
28

16

04
-12

53 35
-4 34 45
<10
4,

40
48
-18
55

&0

02

00

05
-06

o I

Co

=10

02
09

00

17

10 . 34

08
21
08
32

=04
39

31
2.0

S

13 -

43 -

~213

-08

07

=10

T
19 41

=03
0b.

AL 32 40

31
35
00 07
32 42

48
24‘
=12
49

o1
30

25

00
. 4B
2_4

23 :3:2 21 05 =13

81
28
=12
62

06
42
13
35

02 =03 =02
04 <04 59
01 -17 25
=07 06 64
37

"2

A

23
-08

35
28

“-08 =03
02 =11
92 -2

<05 =04
=05 10

01.
03
oll

TR Acuity O

B Vo) |

le.. Q—R Ea Acm.»y (R) =05._ =02

_05 <0, 00,.*2,0 00

-02 03 00
<01 01
t1 o3

93 =0k

01
.OQ;.“ AT g

=Jo

05

NN
R

-é_(v ’
=06

-02
-08

05

07 40

14
16

04 38

36 67
59
35 17
38

39
3k

s &%) u).m
ri; ) *02 =07 -05
-C'? -06
02 0%
03 06
3 ~~08

,_17',;«0.&
- =02
03

. =07 .

0L =02
=02 - -Q4
00 =05
-0” 95 Q0

03 00 Q9.

55
) 06 -03
LY. -Gl ,Q}
.-~ 00 - 03

:- 02 01

Q3
=05
-0

02
-02.

=08
03
07

01
- -Gq, ‘03

02 =06
3 ;gg, 05‘0-

OO . =02 .

ql
03 13
9L o1
=02 =19
o) e

;.-M_>

03

oL
=09,

36

Q3
38
=13

04

09

02 =06
15 19
o7 17

O

04 7-_ -_::_?, rmtlame

34 "04 05
30
20
16

10

QJ,' 04 -01
08 -02 =04
03 €%

~02 03
1 .

26. n-nomm"f’m*?i — -0k 07 -o;_

' 27. Abes (Size) - <10 Ql
02 -02_'*10

01-=06—02

03 04 -02 02
(_)2, =04 ‘..n{s -0k

00 =03 - cvs oc'
%-_ 9_4 05.

. 7-1& _

02 Ly w03 0% of

02 ~05

_'02' T AR

=01
G2 02 =
ol .

—O.L 04
- OA, 86
=01 =53

08 -08

00

06

=06. &
=05

08
-05

=03

T <09 =03

00
00 -08
=07
-01

=03 .

00 0

=04, <02

02

G

2
03

e

0o

-0 - =03

=0l 02 _

Q",‘

-~ T
N
7-

S TSN

po.mts preced‘?ng the correlat:ion coef icients have baen omitted.

L e na RPN RTINS T

e -2 i R S S I B _




© Suimary of Factor Loaéings for

TABIE V.

Initial Test Hairix

I

- II
Re\ dnal -

Stereopsis Resolution

IIT -

v

v

Tateral Vertical

Phoria

Phoria

2

: ‘ality

- Comnune~

9.
10,
12,
13

B 150
36,
1.,
» 182
19

T 22,

L 2
o7 "“’A 969

= 27 .
o8,

- f, ang

1‘&79

S

Vagidbles

Aga

H--Dc1 an.
. ZDolmin Motion

; SS F, Sterecpsis

88 T, Aculty

- 85 N, Stereopsis

SS N, houity
ARF=Size

*c?i-'R 7,

O-R Fy
O=R F.

O<R Fy
0-R N, &
0-R- Ha

O-R F.

“O=R Coler

<R N,

Br

TB Fo §

Acuity

Stered.
Aduity
Asuity
Acuity

(LY
6:3)
(BY
(L) -
(R) ~
Acuity (B)
V. Phoria
L. Phoria

Reuity

Vs Phoria

20. G<p N, T4 Phoria
} 2%, TB N, Acuity (B)
ge  Kouity ®)

- - 33, TB Fe Aculty Ty -
’ TB N ¢

erQOa

Eéi"éue

Hebolman (T4 :u-,)

Dt Nt w2im o

.A.mes (Sa.ze )

Ames. {Inter

vvvvvvv

"033

<16

"a32
03
22
.56
22 -

. 267
00

e

Y 5vy

.*>3 -

67
49
,5:5.9
o52
232

0%

'.36"

26
°3f

-,
a'Fs

L6
Al

o1l
=2l

=13

=432

-;304‘6:4
-.18
.01

Hons

TEgnras -

2l
- L00

20
o153
- ] 1'7
W02
38"
° 4),
XA
’:&3.:7 \

. A ;’adl )

W I7
=509
=403
";1;7 X
- 402,
23

. 408

-,?‘5],4

"‘003
PYASE

""909'

e 30

.15

—.._11_

ols}
o 17
ERoA
#09
03
VA
® 4,9

-2k

"o@é
oﬁl—@'

,,,'12?

g2

-
ﬁ“?‘a‘iza;

=03
N 214 . " »

. 08 R

05

-
@

0L
w5 20:

!"5311‘

Ro¥)

o=l

e
18

) "’.21 -

J00

A“’u
004‘ -
boq :

ik
.92,1:.
- 07

W10
.65

- 623

Sk
‘cJ
e,blx-’ -
9,58
010
259
o33
s52

Y
o
2
036
S1L

I X - 3
oL

«30
B 032

oﬂ-i» '

Axrn...:-\m:#-? —elb ’ ...22 ’ =,09

R ) PP - Sl - -~ T P men i Eppa————y >4
— ~ e N =
-~ —
-7
~

19,

- ——— — r——— ————— -



e —

WA T RSl ] = an _
T —— . T s - T T S R i

et NG Ea | B A

g\

Nl
H -
i - - = o .

5

Summary of Factor ir@a_,dings for Retest I\huix _"

f . IT @wi v VI
, o : Retinal . Vertical Gommune=
. . Vepriablass Stereep.,_-u Reso_!.ut* ? Phorda 72 ? allty

1s Ags: - ‘.”\-"" "‘093 c09 ’ "ﬁll\g =l =05 '"‘y\l_’_l‘ «09
?{_; H—Bbm 063 020 - 336 ° .OO .0“[’ “"922 062

3, H-Dolman Motion 27 Oh o medi =20 W02 o120 WA
4s S5 T, Stersopsis RS o2 ~ L0022 =12 /A
5, S8 Ty Aculty 32 - 6L I3 WJh =03 =25 W57
6, S8 N; Stersopsis 9 13 202 =17 =21 10 R
7, 98 Ne Rouity o33 65 =18 Jl ~22 =38 64
8, MF-Size . . " =20 «06  =.08 02 L12 =20 210
9, O-R. Fs Stereos = - J2 <28 - 18 . 206 .13 <04 «63
10, ‘O=R-F, Acuity (L) B35 - 63 - =02 27 =21 05 66
- 11¢ O"R Fc I&Gu.;‘by (R) . 01&5 L 065 aoli “‘93;4-7 - oll "’noz 9;75
.~ A2, &=R F. Acuivy (B\ L .40 N A 213 38 =87 =:02 53
13, O=R N. keuity £8) .30 47 23 w00 04 =15 439

T, O-R N Acuity R) . 39 T a6 231 =01 =25 18 5F

- 15, G=R W, Acuity (B\ L W25 T 58 =21 08 12 80 W46
. 16, 0-R F, V. Phovda - =31 = =20 520 - 5360 = : ¢
T I, R E Tk ?hcfif:f:g— N =06 W4 - W48 07 W36
© I8, SR Celor - - W85 - W20 oo W06 o4 W31 Lk
19y O=R N, V. Phoria S8 §03 2h - 231 23 W11 R
T 20, G-R N Ty Phopga TR 2k 200 (0. =01 4B 329
0 PLTB M. Aeulty (B}  e25 o w50 =10 ¢ 408 - =05 5 35
220 TB F. Aculty (R\; 3T k6 1. =33 W06 =29 - o51
U35, B F-Aculty (L) T3T - W46 .00 JJB =04 16 o57
- %6 TB N, Stépea, . T .63 o 05 - JoS ) -?28 ) <02 20 -53
25, T8 F, Stereos - 67 AT =23 =16 =19 =09 W59
26, B-Dolman (Ti}&) W45 - W17 09 =06 .0 03 G2h
27, Amés (Size) , ,02 =13 29 07 =l =13 o1
-‘286 Anes (In‘berpo‘,) e 12 oy 29 205 | ;16 =17 X6
) .43‘3 VGI’HOGII , L ST - 322 " -ﬂl LRl 12 L13 687

{
7
W)
[0)
!
©
o
(]
N
e

20,




: !&;:3;;_ ;

b
e

prpeey
1

Vgt
HE
L

21 Ges
!;52?

B

g

A

i

w..»’g

ﬁj}n
g
I8
)
5

3 r‘_
T

%

£

pi=

&

t Cew U

Y =

I

Py
e

P

et
4 g

i

iy

- =¥ K
e i e+ — S . - e
i - — e Ty P P R . .

“f\\

e T eeeme———
= = i v - —

For ihe ihitial test matrix the factsér cos flClents range ircm apO
to 72, which means “that 25 to 50 per cent of the variance wupon these tests

s accounted for by"Eac o# I, The retest londings are slightly higher,
ofr the average; only warinble 26 shows 2 _ower cesfficient for the rotest
metriv,  Maetor T accounts for 20 to 62 pér gent of the retest variance of

et

scoreés on thess o1nocuior testss Thereé are no consistent dli‘ference° between
the real (2, 26, 29 and the simulated depth variables (4, 6, 9, 24, 25) in
‘=%z°§’of facto; 1oudinhs, The Howard-Dolmon has the hlghest loading for the
Anitiol test, but Table VI shows that the two Sight=Screener steredpsis

g "ﬁariables have “the highest retest. loadings. The modified Howard=Dolman

Yarraak 1 nnR-uncr on

68t with tilted colered squares &s targels hes. the lowest lendd

ﬁhctor T among t & elght‘binocui r_depth tosts, T ot LT

- -

e of tha four moncoular vairiables has a 31gn1ficqnt 1oading
s onocuiar motion peraliax with the HowaPd-Dolman rods as tar-
’gets (3) On both test and retest, approx1mhte1v 19 per cent of the varlance
of* scores :9n this variable seems ottrlbutqble Yo Factor T. If this facter
were a homogencgus determinint irvelviag stereoscopic acuity solely, one

would scarcely expect any relatiohship betwear it and the morioeular variables,
But in this instancs, with one &ye covered, the peroormances of the subjects
apparontly are conditioned in part oy a faotor which is ostennlbly "hinocular®

in nature, Possibly the paradex might involve the congurreént -operation of

grive

blnoculhr museular- cues. a§sockated wnrh convergence.
is 1nteresu1ng to- note that Facto; I has»S;Qn ificant, although
“ﬁuL1]Y'¢ow, Toodings on.all of the wisual aculty tests. “urtnermore, the
coefficients are quite as high for il monocudar aculty tests as. £or the
. binocuia¥; The. percentages of. aculty tedt. score ¥oriences atz” hutable to
Factor I fange firom approximately 5 to 20 per cent, The manner in which
this factor named "Stereopsis" influences méhocular acudty test scores chrnnotd
be determined ‘from these results. - It showld be noted that these Tesults
‘@iffer from those obtained in the AGY study, which found mostly negligible
lgadlngs‘of fhe "depth Porceptlon" factor -on aculty teste- (l D,l,.

Plth respect to the phoria tests, the fachor esoFficients in Table V¥

ghow no significant loadings for Factor I, But the Petest results in Table VI

eontradict “this finding in the case 6f the two ver tical ‘phoria tests, Both
the far and the near tertical phoria variableés. have 31gn1fi ons 1oad1ngs on.-
Factor I; the proporiicns of test dcore variance acesud* I fér are pwcxze
mately 10 and 19 per cent, respectlvely. Whether or not the d1bparvty in
the resultéd 267 tho test andooetest series is due to sampling fluctuctions

is unknown: -The AGQ study found no 51gn1flcant "Depth“ 1ooa1ngs on phoria
tegts (1. Dy 79)» T A - - T

In conclu91on~ it may be noted that‘only one of the eight binocular
depth percaption tests has a sighificant 1oud1ng exclusively on Factor is
the Telebingeular neay stereopsis tegt; for the initiol test motrix, But
although a reiauively Mpure" meusure of Factor I, this variable does not

[ET

Al] o he: other tegty have substant;a loadings on Factor IZ.

— TN e e e o i s e emin ] T T

-de tN“d upon the factor for a very high proportion of its Bcoré varlance (30 %)
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b Fqctor II. Retinal Resolutichn. This facter is apparently
the eame as fhat identified in the AGO study &s the general factor in
¥isual getiity. Inspection of Tables V and VI shows that all of the aeLTtv
tests hsve,signiflcart loadings on Factor II, In Table Vv (imitial test),
8ight-Screener near acuity (7) and Ortho-Rater far acuity (12\ have the
highest Goefficients for this factory; in both tests about 45 per cent of
the Vvariance is ‘actounted for by Factor II. The retest TQadlngs are
similar, with the Ortho=Riter variable showing a Somewhat higuer value
{50 par cent Of scere yaciance), The Leleblnooular acalty tests show
gubstanttaily lower Ioadings on Factor II than aré found for éither the

Slght—Sc*eener or the Ortho—Ratcrb This is in ggreemant with the AGD
study (1, p. 66)s

The(eiﬁht binocular depth var*ables show moslly low and barely signi-
Picant, fcadings on Factor IF, The highest loading scglirs for Ortho-iater
far btureopsis {9) in Table Vy Factor II accounts f£or

16 per cent of this
§eore variahces; In most instances this factor accounts for less than 10

per cent of the variance and several of .the facter ceefficients are probably
not statistically si gnlficant. This picture differs soméwhat from the re~
aults of thé AGO .study; where the factok. named #Detinal Resolution” had subs=
u-oantlally higher loadings on all of the depth perceptlon tests than shown
in Tebles’' V gnd VI, The percéntages of sgore varlance due to6 the factor
runged from dbaut 10 to 27 in the AGO study. : - -

 In the case of the Ortho-Rater tests, the far aguity variﬁﬁles have -

considerably higher Toadings on Factor IT than do the tests of nesr acuity,
But, this relat;onSu*p is reverged for-the Signt-cheenen, &nd there are no
QOuSiStent trends in the Joadlngs for the Telebinoculat,

Qﬁler factors. Tables. V and VI show coefflclents“f r fbur
-adﬁitionnirféguans which veré exbtracted from the tuo Gorrelitional matricsd.
-EBzcépt in the cagé of Factor IV (Vertical Phoria), the patterns for thsse
factors are nob »on81avent frem tést to retest analy31s. It is; thoregfore,
difficult to assigh namés to them wWith any depgfee of asgurandes A1l foup
of these factors seem to have signzficant Toadings on the one or mefe of
the four phorda tests - both for the test and for the retest seriess But
there are scuttered and iAconsistent loadings on Se¥eral of the other tests,
go: that it 42 only % th considerable reéservatiocn that any labéls at all are
agaigned t@‘these last foud factoow i1 Tables V and VI, This situation
probabily reflecss the lack of :enough reiated variables within the monocular
\depthﬂand phoria groups to "generate" stable patterns of factorisl loadings,

‘The-lack of communality means, of course, that most of the test score vaPiance
provisionalis attributed Lo "Specifie and error determlnunts._ With——

v.:.ct..* n

mubll be PrOVESLONO a5y
these qualifications, a few comments will be offered concerning the trends

- exniblted Jmong thege four mlscellano:us factorsa

- Factor, III. Lateral Phorla (flrst matrix on]y) Sighifigant p051tive

loadings on chis “factor are shown both for the far and near lateral rhorin

- tests in Tavle V, The perceutages f d6orte variance &ccounted for aré apPprox=

imately 34 in each case. Barely significant negative loadings are found on.
Facter TII for some of the far acuity varisbles (3, 10 and 12) Bu¥, none of
\these re}at:onsnmps ghows up clearly in the analysls of the retest matrix,
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Table VI shows that for the latter the communalities of the two lateral
phoria variables are accounted for mainly by Factors V and VI, 4nd each
—ff’.ef.ﬁﬁe&b‘hﬁi‘ldw; scdbue-cu,lgad*usc on acuity varianbles,

NN =

“Fact dr IV° Jéi**ca¢ Phoria, This facter has a rather consistent

“pattern of Toadings foxboth the test and ¥otesy.-enuliyses. In the initial

test series, Faetor IV Zocounss Ter 23, 5 pan-dent of the =eore variancs of

the far vertical phoria test, and 21,5 per cent of the variance of near '

vertical phexia scores. Thsss perortleps ro down: £Or the retest SC“lEg,

. being 12,8 and 9.8 per cent,respectively, 1""ea.'cto“ v also hag a low bub
consgstant loa&1ng~on Telebinocular far acuity (left eye, over the tus test
gexrigss -Qthérwise, the Lcadnxgs on this: faotg” tend to be either 1nsjgnif1-

-can® orAxnconaxstent or botig - -

dﬁf~ag~mw9"qi§y cr the monocular iepth tcst§¢ Mnspéction-df.‘

- si faetors. The test and retest communallﬁles for these four te ts ares

-- morocular motion pardlliax (3), .22 and ,14; AAF size-distance estimation (8),
:,m%t'ﬁ_; i hmes-Tresself gizg=depth illusion (27); 05 and 14; Anmesw

B g ‘ezpasm 10u 1llus on (28), oﬂﬁfand »16: The only consistent loadlng

*a11ax, which -on ﬁhﬁ test and the.

i

oo ”he anomaious ngture oo t_is result has'ﬂlreadv been dlscussed

- B general these: four monoculz? aapth tests show very 11ttle
émrwiat ousnlp. They e, to be meﬂe:ﬁlng quite SpeO‘flﬂ and mutual]y

-~ - Thiz ge nort presents the 1"esul*f',:, of an a,ggisi“ s two sets of
T ) —measureméhts»secured with a battery of 28 visunl tests: The primary purpose
B ike*study vas to make fastorial enalyses of these test and ratest Scores
- -3n -order %o . determ_ne the interralad Lionships among the aspects of visual
diseriminatien involved in "depth perceptmon.“ From an earlier fdctorial
o ~’~study reportwd by thé Personnel Research Section of the Adgabant Generalls .
-7 -Office. (1), it seemed probable ihut. tests besed upon -differont cues of

ety pervey tlonsﬁiﬁht measure relot 1ve1v indeg endunt funcétions, The
. préSéai;g ;. Sherefors; has. included a vari ety of such gitustions: monocus

. L1 e A st - V\n%r\cpﬂ::l‘.}“

187 and binoc depth -pere hes ke s smong. the binocular tests,
those whish involve "real™ depth wnd those utilizing thc similated depth

xa\a

——-of Spegeoqcoplc wnstrumenvso

P

et
PRI £ |

- In udﬂition to the factorial una lySes, the test % end retes* data
for the sgveral veriables ware ara1vzed with réference o three sther problemss
{a)-the form of the distributicn of agores for different types of visual
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-pregent- tCStSM(eogm, the spes
- the OrthosRater aculty tesgts difféerentiave much ‘bether among the subJects,
Tt secms safe to .conclude that. neg&tlve gkéimess ig not ihherontly charad-

_%gkgwnggg and~falrly sood dlspe“314n of scoress

discrimination; (b} test-retest reliability; and (o) p ractics af fec

The principal esults of the study con bé surmarized as follows:

1, Frsquency Distributions (See Appendix B)

&, Binocular depth tests. There is no wmifer miﬁy in the form of
the f“equency distribution for or the eight binccular variablss, Marked nega-
‘tive skewness is characteristic of some of them (e.g., the Sight=Scresnel ).
But. for othefs the dist¥ibutions show good differentiation among the sub=-
Jects and a nueh gxnastép§EQXima$;9n "‘ﬁo;muLLuv., B theseg criteria
alone; the Telébinoculur test (DC 31~ "I) is the best of the "simulated"
depth Test hoeff o the best of the thres tests of "ieall

U”U

-y \u.nQ szﬂ'—jv ernoelfl xS £h

‘bBinecular aepvh discrimination,

b. MonocuZar depth tests, The AAF size-distance estimation test
Giffererntiates well among the Sngectg and its distributions approxlmgte
about as closely to Taormality"™ 2s any oOthers in the study, There sgem
to be no systematic différénces betueen the f;eﬁuency dlstrlbut¢ons of the
monoculqr and the blnocular depth tests.,

_ C. Visuel acuity tests, The marked degree:of negatlve sketness
found for acuity tosts in tbelAGO'study ig found also for certain of the
1 Sight-~Scieener Landol¥ rimg test), Bub

tenlstlc of the- distrlbutlon of measurements of visual acufty

de Phorla teSus. In general the frequency dlstrlb tions fer all ™
four ‘phorin tests are T'easonably 8o tlsfnctorys_ Theré is rolutlve_y llttle

e Bﬁnnrn1dr-ﬂnh+h teata. Slgniflcant galns 1n mean 520res are
found for allselght binceula oy bleca;;ﬁ; avery case the difference be~
-tween tcst and retegt meanu is moru then thiee times its standard error.
In general, the “31mulnted" depth lésts show relatlvely groater practice

effects than_nhc tests of Mreal" depth bmrcept+on. o

bs monecular dé gth testq. Three - f the Four van_ables in this
group (3, 8, 27; show substanuial ond rrgn; significant gains upon retest,
On. the avcraae, somé 66 1 cts &b the secend

prr. cént 'of The subjscts &t_the second testing
excoeded the moan = the~3 'Talmiest The Amcs interposition illusion

ghowed o sllght I'1033" in mean score an thc retast,

Aculty Lests. Some ofthoé?%fsts showed incresges il mean score

at the repeuitlon oF tha geries, bub thére wére 2156 a few decreasss, In
gcnerﬁl the acuity tests show mich less practice e’xect thanELpth percep—
tion,tg5¢s‘ B e -
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"Dnaotice" in the case of these teésts can only

:mann_"chnnﬂe" in degree of ocular baiance in one or both of the two
teral phoBiz test showed a statistic-

aimen34c1s. Only the Ortho-Rater msay dstersl

-d. - Fhoria testd,

ally sign1¢*cant ehange'- a slight decrease 1n“ye1a71ve exophoria upofi repes

”tition of the test,

3. Tgst-;Re-te?t Relisbiitty

-~a. Binocular depth hests. The tests of real depth (2, 26, 29) ‘have
.ynhat hwghec relldblllty, “on the whole, than do the "stereoscopic" chine.
The latter's test-relest correlations range from

tests hy Oy 93 24y 25)
6:; to .79, _wh1 le the ‘threen "real _dep‘ch" "cests have reliabiTities of .79,

£ 1.1

oo

b, Monocular depth fests., Only the Ames: 1nte*p031tion test (43)
The other three

has satisfactory reliabllity, with a coefficient of .78

ﬁ&giﬁbies‘Eave«ﬁéiiabilifv.ébé.fmcients below 60:
The sevéeral acuity measures showed & considéerable

- e, Acuity tests.
st correlation, Far acuity tésts tended

amount of variability in test=retesh
to be more reliable than these for near acuity, especially with the Ortho-

\eaga, .72 to ,87 for fay aculty; and 59 to +70 for near aculty).

Ratery
~ g, Fhor ia tests, mhe rellability cocfflcients for the two Iateral
phoa.u~tests Wore .76 o and +783 The two. vertical phorla tests had rellabill—,

£.,70 and ,72 ,

o mwe pr‘ncipal f“ctors were 1aent1fied for bonh uhe test and the
roteast-mtricess Stereog81 and. Retlnal Resolution, The analysis vas éone
tlnued wntil four additional factors ware extracted for each matrix; bub
only one of these (Vértical Phoria) was clearly identified in both onalyses.
Tootor padterns for. the -othey three vere not con51stent fron Test %0

retesv -data, R
Bea T3’otc’c,oz:'_..‘,?L.»'t:e::eo‘osszn.s,,
Subaba w>a1 1ord1nﬁs oni thig f=

All of ﬁhe'éiéhﬁ binocular tests haw
significant and substans actor; some 25 to 2 DAY =ity
of théir score variance is aééounted for by Factar I, There a.s o wone-
sistent difflerences in size of factor loading between the "simmulated” and

7the~"real" depth variables, Qnly one &f the ﬂonocu&a
hage @ significant. coefflcient for Fsatow I cnd zt &ccoants for only aboutb

10 per cend of the sdore nopallax). 431 of the

yarianée (mciesifar mobion narallas
‘visual gouity teéts have 81gn1ficant but mostly low, oadings on Factor T
{%he percsntage of score varifnce accounted for rangeg from 5 to 20), Afs
for tlie phoria tests, Factor I has né significant lording for the fikst

tg show significant loddings for' the iwo vertlcal

motrix, but the retsst resul
phoria tesis, , . T
b A2 of the v1sual acuity tests

have significent IOgdlf“B on this f;wtf _The highest cenfficient is found
for guhOwRatpr far acu~ty (retesﬁ), wh re some 50 per ¢ent Of the variance

25.

%, TFoctor II, Retingl R@solu io

e e il

TRLY

depth tests; however,
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of seores is accounted for by Faotor If. Tho elght binocudar depth varis
on "Retinal Resolution."

ables have mostly low and barsly significant loadings on
‘And wone of the other varisbles has significant o afd consistent 1ggd1ngs -on
this fattor, except near lateral pnccia Tn this case, Factor II accounts A i

I for Le3 and 6,6 per cent of the vyariance {(test and retest) .

Ay p S

G Othe* fagtonss The 1 s* fonr of the six factorad all hove sig-

nificont Loacings for the four phoria testsy either for the initial or for
the retest matrixﬂ But only Fagtor IV, Vertical Phorla, hre a fairly con-

s renis §.

. sigtend patbern for beth an&ly¢e=— 58,  The pe%cbnuaco of " acore variance of the
Ortho~Qater vertical phorla te,t accounted for by Taotor IV ¥aried ITom .

—

P i T e o e al £ horraan 1 bt i
——— R e s S e e e s ittt ety ]

9.8t 25

' do QgecTPlcltz of tho .wuqOuu1ar dentb tests. Thege tests showed
sryelation with the other V&“lab es, and d therefore, had low ;
and mo “”ly 1ﬂs1gn1flcant loadings on al} of the factors, The only signif £i-
cant factor coefficients were found for mohocutar motion paraliax on

- ~ ‘Factor I, whlch.accounted for. 9.5 and 7,4 per cent of the score variahce in
- . the test and rétest serles.

very oW -
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e . ;K; ,;gge;a;wﬁ;ﬁéll“i' g {
- s The reﬂu;t of the present study fail to support the view that T f
B “depth perceptior“ 4s n homogeneous. behavior category. Judgmenus of depth 5
, and distencé based upon different. ¢ied or secured in dissinilar situations ‘

T~ tend to “how only gitght 1nte;re1ut10nsh1ps.
1

be - ern among tests baaed primarily upon hinocular disparity
(steréo acuity), a high degree of non=relationship arong sgores is found,

The factor called "Stereops1s“ accountd at meost for about 62 per cent of

the: store voriance and on certaln of the quocular depth tests the per- ¥
3

'11‘< centage drops as Iow as. 20. - . .

SiN 819

&

© ot 18D

B Comparisons of “"eal“ depth uests with “the "stereoscopic”
mnchlne tests fail to show &ny sy%temﬁtiu differences, On the whole the
fadtor loadings on Factor T (Stereovpsis) are gimilor in range and magnitude
for the two groups o of tests. Moreover, the original, in nrcorrelatwons are
“about as high between tests of the two groups as among ‘tests within cach .

. category. But: again the fact that individusl tegts are not 1nter6hnngoable
should be stregsed; for both grougs of tests specvfic and errolr var n:ce is b

:,:?::_ Eftl._rly highu " . .- -

d, Tbe,monocu ar tests were all virtually uﬁIE;atcd cithér among

themselveq or to other variables snelded in the study, The luck of conmurﬂ1w
i3y seant Thal the faotorlal composxtlun for these tests _______

minéds Suceessfil and definitive factor arnlygis in this fleld must be pre~
caded by cxtensive e experimenta a1 tesearch and test devp;opment designed to
yield & qat of seVeral rellable ver 1ab1es for each of the meormant monccuday
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o. T4 is suggested that futurs snvestigation might profitebly

_ Pollow either or both of two courses: (1) systematic experimental analysis
of the manner in which the gsevernl iypes of ¥isunl cues influsnce Judgments
of depth ond distonce, foiloved by the development of tolusters? of reliable
4ests based upen each stimilvs vardable; (2) the direction of experimento=
tiocn and test development towards the analysis of the visual recpirements
of n particular typs of job, The former approach would establish the basis
for a comprehensive factorial analysis of depth perception and related
functions, The second appronck would yisid a mere restricted analysiz of
thie shganization of visual functions but might provide o set of instruments
_, agpropridfbe&y_,ﬂej,ghte&-uii;h rsference to the assessment of isual qualifi-
" catiots for the specific occupntional areag T
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,Descrlgtvons of %he Vhrlableg u;ed ;u.;de Stu

L Age
, @g;gﬁﬁny?;ﬁ was planied to restiict the subjects (all male) to

‘nges 18 ~ 25, But when it became Gifficuli to sscure such subjects for test
ahd retest 39331ons, it wes decided to romove the age_llml s and to inciude-

age as a variable in the correlation matrix, The ages ranged’frcn 17 %o 39, R

1] t;.;v freﬂ‘

“but most of the. suhﬁge ts fell within the range 18 - - 25 years (s
qLencyxiAsuribuﬁion 'hpnenily Bp ,

2@ waarero Iman B;goculkr Depth Test
”h:s famlliar test presents two olac ertlca1 zods,, the rlght-hand one
“at a leBd“dmstance from the subjéct and the. other adjustable in depth by -
means of cords held by S. The model used waz securéd from C, H, Stotlting,

A R0-~watt fluorescsnt . Yenp wags mounted longlﬁﬁdlnallf at the top of the frame
s0 as to provide uniform ilTumination, and a eardboard Sereet at the front
concealed all of the instrument except the aperture through which S viewed
,the rodsa 8 viewed the rods ot a distanse of 20 feet fror the fixed rod:

The position of his head was kept constant by mesns of & fixed hedtd rest,
S mnde 10 settings. of the vatiable rod, being 1nsu*ucted to adjust it %o
the same distﬂnce as the fl ed rod Each tw 1 begun uith the varluble rod

+190, ,-10 "90, .aeo,‘:', 130, -:so +1oo\, -:-150 <180 m::.lllme’bcrs, Aftfer'
each trlal‘S dropned the cerds go- as to eroid - 1udgments based upon spurious
cues,. The dverage erroy £ of the iU‘tTl&"” in mllllmnters {irre~

-~ R

nou.-v ...gu;.

spective of signS) is S's Q_ ) - _
3o Mbn cuiar Mﬁ%— on, P 1lax (i bmrd-Dolmnn aggg”atu )

_Eééauge a precision inytrument wo.g net combietea ih tinme for usé in
~the study, a procédure was Gevised in which s judged the relative distonce of
*he Hownrd-Dolman rgdd while his-head wms in motion, He rested his chin on o
carriage which ha moved back and forth on a small track perpendicuiai to. the
Jine of regards The distance covered by the cye in.a single exeursion repre-
~senﬁed‘an angle -of 4 degrees; at a digtancé of 10 feet f2om the fizcd rod,
. The rods were viewed with the"prcferred“ eye, while the. other e¥e vas ghielded
" kwwan opague goanle. E Set the variabla rod sacn time, and asked S t¢ judge
-whether it was farther or nearé? than the standard after foving his hedd
fhirough- two compicte TeyeLles™ along the track (right. left, ria 1, ieft} in
Syhchréntse with o métronome which beat once in two. seconds, The oer;eq
began,w1th the varieble #6d 10 millimeters from the standard; &nd four trials
were mede ot that distanee (two "nearer! and two "farther" - from *he gtandard, )
(Ttwuas dctermined in preliminayy cxpmrimentatlen that subgeots ¢ould not dise
criminoie separ: ations of less then 10 mm.). - In sudcessive series the dis-
“tanee wvas’ ‘increasctd by inérchents of 10 mm, wuntil S had Pesponded ng:rectly
three $imés in succession for each of the four colwing of t¥ials just noted,
S%s $coreé was recorded zs the mean separation of the rods at whlch S had

Jude ea.¢orrcct1y twice in suctession, A sample Tegord will i1% str°+n the
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procequre: EF
Distance - Variable Rod Farther Variable'ﬂovaearer ixi
inmmg - Ist trial  2nd triel 18t trlal 2nd trial ! g
"= . - eimerereesn e - ) e e e .
] ' L SR ) - I E
= 10 necrer farther - néarer farther L. ] i
P 20 neareér neayey farther  Zarther e ?ﬁ
; . 30 Tarther nearer nearer neamer. . . _ - ‘ R
£ 40 farther farther nearer - pearer P x
Jg - 50 farther fapther ~  nearer LEarsr .
B 60 farther ) !
4 - L o : S
& he mean~ 52 £k datnnces co*respauﬁ. ug te the four ;éép@nses unaer;mneu (*he ' ~ L
’Eﬁ segend ¢onsecutive correct response in each column) ts A2.5 mitg This wou;d_ IR
gz be the "score" for suéh a record. : : , P
E - ks 556, T, Sight-Seweener Tests— —— - el T
L ) [ Lo ER = B H

AR

Instead of the standard targéts, o special slide prepared aceording

to sLeczflcat:cns:ei\Dr@ Louisgcgioan~rg used, Tests for on*g fou. Punctlons
"‘"111 -i-\rg ‘I )

~- - Xere made: far and néar\sfeﬁéépsig, and far and mear

ML

. Stereopsis Targets (4, 6)s ‘The test is esSentially the same as in
the “stondord" slide; except that there are three items #n the practice seriés
and at esach of the four levels of difficulty, Thus there 18 a total cf 15

- Atems dnatéad of the standayd fives The SheparaaFry per cent stereopsis
valiies -of the “practice“ (flrst) series are 45%, 0% and 75¢- then. thres
"In 8ach item

tridls each are made in Succession at 45%, 60#, 75p and 105p.
N oite of the five cireclés is preésénted 46 the two eyes sc as: 8 pnoducé ‘binocus=
. dar parallax a and hence tends to “stand outi from the .other glrdles. 7 . RS

e '
. .‘—Q_—-:v‘—’—-r—-”\-_-;—:-ﬂ«

e o
i

o '-%ch4iy __gcnts {5, 7). 'The near aculty “test is inde at 14 inches,
whereag the far test is at the optical équivalent &f 20 Teet, Iandslt rings.

. are iiged iﬁstead of the letters of thé: standard glide, Mbreover. the §lzes - - -
of the rings gover a range, from 26740 to 20/10 Snellen units, whereas the = © - .

standard range is from 207200 .%e6: 4o/1u. But there are only niue levaig in - }

the latter whereas the spec1al slide uéﬁﬁlopea"lor Dr, Sloan has levels as

- folioWss o/&o, 20/3@, 20725, 20/23, 20/20, 20/18, 20/17, 20/15, 20/13, 20/10,

‘Thete are five items Por sach level except” 20/40 whlch has 10. The subject

is rpeauired to dlsb iminaté the positicn of the break in the ring on all items

o ':" ~in order ~to receive - gcore for the level in qu35ulon-, the -maxXinui score is
55c S - . - : . . e e

inr
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DThe ﬁ 1ght~Scneener’ ahd:*he =ne~1&l test gllde were. klna¢y o
bv the Ame rican Optlcal Go., through the courtesy of Mr. Paul K. Fr yer,

B T 1 . §é$ea Trv. \J} for the - BSGflpLIOu of thls unlt based” upon the "nereopt1c4
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This is -the ﬂhotographlc tcs%’rs‘ sryed Lo shove in dlsoqu*“b
Glbsonds vork invelving "s1zen0urstancy“ as a basid of uepth perception {4).
) The e are 26 apotcgra s of a flat, wniférm tarrain, BEach picture shows & ?

—
) 5)

set of 15 comparison stakes which were arranged in a row 14 ynrds An front ;
of the camera, The ¢ Fparlson gtakes were &% in an arc, 20 inches apart, ;

| T &xcept for a gap of eight feet in tho center of the arc, (lhe subject ob=
~~~~~~ od

serves the target stake through this gan,) The #standarvd® stokes varied -
from 27 be €3 inches, in 4einch steps. The width of both standard and target :

stakes varied - irregu;arly between two and foLr inchese- ‘ =

A

i et Kl N i i R R R S

.The fouzr tarp g Suakes ere. 69. 67, 71 and 75 inches in hemghﬁ and
- thesa were get at 28, 56, 132, 224 and 448 yards, Thus there were 20 phdto=
axaph each target app@arlng at\each of the five distances. 4 vandom cnder
of nresentaulon was uséd, The phctographs were planeu dlrectxy in front of
the subject upon & rgutral gray backgrounds S sat obout 15 ifiches from the
photograph, which was svenly illuminated by two shielded 15-watt fludrescent

tulbs, S simply matéhed the target to one of the standard stakes in terms of

height. His responses Were scored as folléwss correct matchy L, errei? by

|
r; one staLe;i;, srgor by two stakcs; 23 error by three stakes, 1- srror.of four
£ .. _  or morg stakes; O, Thé maximum score is 20, “This Beoring method proved

yield highe? reliability in the prediminary studies than dld either Glhson‘s

. waighued Secorn. oF the number correcto =

|
oo
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2 - 2 (1nﬂ1u81ve) Ortho~Ra bt Teuts

o Thiu»lﬁsﬁrument is Panufactured by the Bausch and‘Iomb 0p5104¢~355
“The entiys & vv@s ‘of tests a8 admlnlstered 2lthough originally it ias
planned to use onTy ‘the. devz nnd “c' 7 B _%é, A consideraole*nunber of

Rl e

o=

orfﬁ a“iﬁoolor tests) in the bat‘l:ery;b The order of thc t::uv“dTgE
.ferso therefore. I¥om that presciribed in the Bausch and Iomb minual, The

crder given in Table I was followdd for all subfects; in both the b
the retest. sessiong, - - Otherwise, the standard cupditions for this -

_“The subtests and the range of scerss,ﬁgr cacn are aS‘Io;%gws@
'471—9§‘:F“6 Far. uer80981s- “gcores, 1e 9° S S e L e
B 10; F 5s. Fal: -&Q!litvj (lOft Oye) 3 aeor l - ]57 (207:-,00 +0 20/13)

| 11¢ Feh, Far acuity (right eye): scores, 1 = 15 (20/200 %o 20/13)

J

o

i I SR Pt R ¢ e

6

(

1
RN

© 12, F=3, For acuity (both ey&s}' scorég, 1 = 15 (20/200 to
- 13£7M—3, Near acuity (1 fﬁ eye) , 1m- 15 (20/500

L . Near gouity | )3 Scores, 1= 15 (204200 ¢
‘Nb > acuity (both eyes)t BGOTES, 1.+ $5~(2up23y~7
mcaldphoria° scores,\l &=9 .

'
- f
et b B et i

\Hl
: \.."G,
|
e il o 04

- ;~—]fff“ i; '%ar va“t_ggl»ohoria‘ 8COres; 1 =9 - 7
- ‘QQ;'N hear lateral phqkia° scores, 1 ~15 . . . B
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- a dot in a sgeries of regeding 'Slgnboards in one of four positions (score 0 - )

Sy

-~ positiocn, with the result fthat its orange square faded the. subject with tv¢ .

gl. Axnes- gseJ.’o SlZeuDep;:h Il]us:.c.. .
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The three ,L,elem.lovular soufty tests .Lis’cea ifr Table T are includea
in the standard aemes oft slides 4° sumbutea with this inghrument (Fe~ vhers
Vigual Survey Series}s In order - of - administration they are as followss -

(8) Test XIV vhich tests near vision for both eyes by hav:mg sumect $~AZente
whéther o series of swall eirclés -~re filled with lines, doss or soiid gray
(score, 0 =~ 22); (b) Test V (far acuity. r:.ght eye) requires S to locate

ICI)' (e} *TnSu VI (fu) acvm‘y; leit ave) is the sune s Vo R S

it &L TR Ry

The selebanMA ciept‘*x est oonsz.x £8 of a- S'\\r,sia* g% of sherepscdple
giides called-the "iviolo®s Tait. DG 31=53", There are 23 aords iR th en= "
tirs ssrieg, with Snevurd-Fry pa- . cont stereops:.s" valuss raaging from. 19 - R
to ll()%.. Each card sho‘w*q three vertical columng of ‘test ob'}ﬂcts (lé“”i’ru@rs v
and numncrs;, ard otie ‘Shjest -appears to wiand out in front of the ramedn der ' :

P L-LVIJ

in ench columny The 12 odd-numbered ca'cds wére used in the test series,

making a total of.36 items in the tasts Slides 32, 34 and 36 vere used as
practice elides, Two Scores gre avallablc. the "per cent stereopsis™ vaius :

of~~mc, lost §Tide for which all . rFesSponsgs are éorrect and the ‘total rumber
of iVeris correct by-thé -some standerd, , F;

,.

/26 Homrd-Doman-Weinstaﬂ o o

. Thls adaptation of the Howav'd-Do.Lmn device was deulgned primayiy
to intfoduce two ’types of variation into this "real depth" situction:

-~ {a) both the fixed ond the méveble Peds were Attached to thelr bases by
wikvers1 jc:.nts, so they could be tilted to any desired angles (b) 3" x 3% .
coléred squares wére attached t6 the tops of the rods, In this study the

fixed (right hand) rod was in the vertical position snd its savere was i ght

~

grseng  The variable rod was tilted 30 degreés to the loft of the wertical

AR

“of 1ts gorners in thé vertigal pWane. The distance between thé” ceq’cers L . <
the two -Bquares was 12 inchss; end the cxpoded fénzth of each rod-ggusfe unii .. o g
vigs 115 ihehes, - The subject- viewed the undte from a distahce ~7 10 feets — Iy
~ The proccdu:e ués the samé -as. with the regular Howard-Dolman. (,Sa,e deseri p‘H ang :

f‘ar‘vamable 2 above) ) ~1nclud1ng a héadrest for S, 7 7

'T,his test situotion represen’cs an adaptatich of one o tha Ames IR
netrations.. ,A dov1ee wms -constriicted by which thice vertical bars B

¢ a-distance of 13 feet in = omplbtely darkened - -

: uing instr.uc: ong: AL the end Af this alley

sz — i - ---—-u..,-—--—.-um

; ,?on'e of the ‘I;(ﬁ:;s;e_g;‘;féha»g "iia .ts on the Drcicct, ) -

s AP
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sible *"ov' the development and standardiza-

’-Sw" " f&argaret il;ressclt was
wint &6c u;ced’ *"x-nm *¥.z Hanovot -

’tn.on.:_sf‘ tb;z~ tn:sw:, 1.1 Gooondnihch 3
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there ai'e three iiluminated rods. The ones at the sides will 2lways be at

the same distance from ysu, but the center rod will be en.’cher nearer to yoéu
or farther from you,. ontrels the. forward ond backward

A

AT R S

'Thé devicé before you conirel

© ke ko b i et N

33
‘g . motion ¢f the center rod, By turning it to the rn.ghi: you ‘ean move the center
EX rod further awey, By turn:mg to the lefit-you can bmng it closers The object ,
(" . of this test is for you %o line up all thrpe rods in the samé planc, at ‘the
B2 same distance from you, I will adjust the center rod to a new pogition each .
£ : 4me, You are to line them up each time, tell me when you finishy, ond then - ;B
[ 3 oy [ - - 4
B closé the. géreen door, I will tell you when to open it again.” .
B T ) i
}‘; $ Aetull,,r, all 1‘;}'11' ¢e strips of light were in the sime plane and the
T wentér ohé: v ar ied On 'Iy in height, Three heights of the outer "fixed" lights
B vare uged: 3. 4 ¢ and & inches, For eadh "standavd" height the experimenter -
ﬁﬁf ga% the vurlable cen ter light; in suceessive trials, at five differént hoighis,
E malking 4 total of 15 trials for the eitire test. After eoch trial S pulled
} a screen across h:l.s Fine of vision 8o the changes in the stimuli could be
]E made without his observmg them.
g .
J{g 28 fmes~Bokoh *na_.erposz.tn.on Illusi on9 :
hy ‘ - :
(’g}; #pothor Ames demonstration sérved as the. b:;g:;e' for ‘bhlS "”est," ‘The
B cus of "interpositicn” is invelved in o series of colored cards arranged at
INd LN ae ; - P
J’* different distances. i‘rp_m the sfnject 0 s to appmr 0 overmp each other, -
e Ti.Fee sets of thre ) §&% the subjset was asked - --
g *bo name the o l rs o ha scuares in ovaer u' pce from hlm. Eaf'b Se't
long and e:.gbi' cm: in :d ! ‘Iln_e 'bubes were en’tn rely open at the end whn.ch i
projected into the engloged: boo'th containing the test govares, but ¢losed a [E
the -other end excépt for an aperture of about 3 mi, ‘bnrouﬁn vhich S v1ewed.
the tiree w"gd‘.o— ‘Thé afrangement of the targets and the LMups f‘ol.Lo‘ind K
- 'bhe 'b.l.ueprn.n't Fagup ed Erom the Hanover Ingt:j,i';u'béo‘. -
“T .. . :'The object of the Meshit _is_t@ dgi}ermiﬁe Sts degree of sudéess in %
- _ using intcrpos:.tvon 48 & cue-of distéhce, - Bubt the use of the cue means that nE
- the pnevomenal order of ‘the 8squarcs in space s the reverse of thé- pnys:Lca
.~ ofger for the second and third cets of targets. In the first set thé two ’ R
-l orders are the same,— Thus bhere are nine judgments to be m..cle9 and the score - §
T s ths mzmber- ipighth by phenomnnologlcal consensus. L — I
o R e — ~ . o - : . E
o _%;.. Vnr.mefﬂ Stereop‘ter T — .
, lhlS "Ln trument, vridely used as cllnical test of storeopsis, 18’
L2 . - monufactured by the Amcricanl “ptical Company., A detailed desc rlptlon is- 3
e~ given in Ver‘aoef?'s paper (18). ‘The device prosents three b"'m’»{ vertical
E e e e et
A L 3
| il ;earch ass:u tant on Lhe pro;yect devr*loped ana - %
[ 14 - — &
e ¢ R ¢
I !
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B ) ’ - “
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.,’crx.pa aimultenecusly in an i1luminnted rectangular window. Qne of the three
: tazgets 468 4n o plane either in front of or behind the other two, Four
ets of targets ave availabie, uud By rotating the device 180 dégrees these
. ¢an - repeatecl, in a differént spatizl errangement, to give & total of
B o gight itema, The object of the test is to find the maximem distance at whkch
S mk e ew it cu*':mc*' Judgment.a. 0bv1ousl'y, the n.Lose’* the obgccts tho o _rﬁr er

18 e o nb———

AFhe

RN

b,,ect ‘The author rec,ox.u_ends & svov_‘ in Sorms of "DIIB.L.LCD" not"‘mon, in
vhich a distance of 100 em, Is taken os a standard, For the present study
K-8 slmplc numerical 8¢oring methed is used: one unit fo cach of the levels
of ’”’flcul\‘y at which all ¢lght items are ¢orPect, The fellewing ap¢ tho
d¥stances, the \..orrespon\..u:c' ,-_e..,lc NGy pé vaJues, and the numerical. §eorcs

= used:in thxs studye -

R

T B 2Rt P e ez e e

% Target Distance ‘ ‘[Sneiien Score" Unit Score
I RN - 200 em, . a0/io- 6
RN T 150 em, 20/15 5
100 em, . 20420 4
&7 cme 20/30 © 3
g T Crtte 20/40 2
e oh, 20/50 1 .
CE oo : jLess thu_n 40 cie Above 20/50 o )
? s -7 It is cssentlul that head movement and movement of the tafget be -

eLnnnau >d, and also thnt distance be measured accurately feither of these

con'oro]s prev 1ls s the tcsu is cus uQ'i?"*‘lJy usea. Joreover, the 111umina-=

|

llght 1n'tensnfty as tnc m’onory qgcs, In the prcsenr, stui *hmc steps wérc -
B takeh. 16 control these COndl'biOl’lS. () the instrumeht Was rounted on & ‘heavy
- * f steel bar along vhich it could be set at the Specified distsncess 2y st
. heod #as held 1n 2, padded headresty (3) 4 6-8 volt bulb opcu:ate-, from o
Lo ;;ansfe?;m r rebhlacod the. fLSh ighfc bul'b°
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APPENDIX B

_ Freguency Distributions

TABLE B=l. Freduency DigtFibutions
-of Ages of the Subjects

hge

Frequency

Lbove. 30

‘S.o be-

A.
;{. 5
& 30 1
ol 29 Lo
2 28 T
% 28 12
26 12
P 26 25
: 2~ . 3
ik - 25 2L
E 22 29
21 38
20 22
-y 18
3 12
17 1.
‘ : 228-
- Mean R1L.86
2096

;'%AQEE¥B~3}-Ffequen@y*Distribyiiéng
- Lo thse H_-D_M@t‘i@;’; Parallax Test

. Seere -

Retest

Test .

3540
L~ 3537
. 2931

N —:‘,,k' ‘26-'28

RN A

. omE

,*_k_igm_, -
R

S 31 -

e

[0

9 6
-8 6

v
7

24
8
T

.25
2,

20 .
:3'3
Lo-Zg

Ty -

-
7

B 31‘;42_’
YA

S A

35,87
10573 E

for the 29 Variables

TABIE B-2, Frequenty Distributions

" for the Howerd-Doiman Test

Segore

Above 97

89-97

8088 - .
71=19 ¥*
£2=710 ‘
?_3“-”53: ;

Ll 252
3543
26--34
1725
g4
Below -8

fann.
-~

e Do

s
§

RO R

TARLE B, Preguency Distriputions

10
. N i PR A . .
for the Sighit=Screener Far ftereopsis

Score Test

S - 90 R S
A
13 23 14
B’ 12 -
31 o .8
10 a0 L L
- 9 K4 L ‘
g 8 5
7 7 - -6
6 6 6
] 5 7 L
2 & 3
-3 & 1
9 - 2. 2
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| 6. Fre s cteihotlons f¢
AETE P, Frequency Distributions TARIE B-10, Freguency Distribuviians 1or
T Vi E - ""‘?:'. - ¢ ,‘J‘ > i\ .--\._L s Y

£5p Oftho-Rater F~6, Far Sterscpsls

= e S P———— o s o Sr—— At s bttt vttt .

wsis dv o)
gptho=Rater F-5, Far Aculty \fxsa‘ft’

=

S - SN St bt L 'IS—
: g PP Test Retest
Score Test Retesw ~ — Seore R et
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o S v o TABLE B-12. Frequency Distributions ol
PEBIE Be11. Frequency Distpibutions — - L8B=e 2o e Aonity (Both)
B e o Tol, Tav Aouity (Right) Ortho-fater -3, Fay Acuity APoths

Ve S 15 (20/13)
n o » w, (20/11)
sz Lam
B % 11 (20/18)
{26720
{20/22) 5
(20/25)

,“1

1 ' 1
:'mﬁﬁmm~mmmf¢§|

bS]
(No]
=
O\
B
W ,
HMESE vo
)
o

(WAL IVE
OB

3

A

(20/33)
(20/40)
(20/50)
(20767)
(20/100)
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N
N
(0.0
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1 TABIE B-13, Frequeticy Distributions TABLE B-14, Frequency Distributions
:{;1: for G)rthc-»Ra‘uer Tl=3, Near Acu_:har (Lef‘c) for Ort‘maﬁater =2, Near Acmﬁ)f\&g 2]

;*:—4 - '——S;céfé~ a 'Eest Retest Score - TeSt e "'es:tiz

i
i

"y g i5 o & i
- Eem i 3 igw ¢ 3
13 (2B7% Jg 17 »3 (20/15) 18 g |
> {

RS
*-'ir

e W;E@.'v 3

2 Tao 12 (20/37) 30 41
2071 o o ) &
gzaff;sz\ 55 . @@%., 25 2
30 $20/20) - - 30 RV
0 (20/22) 37
B (20/25) 21
7 {20/29) 18 -
3 (20/3:lg b
5 (2074 g
- 7, {20/53) o
3 940467) 0
2- 2
1

-y
\k‘i',

"rf
:t

|
Hm}w@ Wy 4?;;» %;: oD

AR 13 APRIE | < SRR
(=]

(2@/25) I3
(20/29)

_l }0/33 -
(20/4&17 B
(po750) -
(20/67§=
(207100). -

Lt et B 1 KO

e P Tl 24

oy

. SR WY 5
- O Ay~ g PR AVRCRNS

5~ (207100)
1 £20/200 and (29/290 and
. above) - L. @ =k g—bovef): —de 2
228 - 228 - . 228 42

e PO O WY N

lv‘

L e f‘:‘.__‘.f_..m

" Mean 10,28 e Wean - 1026 1047
S g 2.2 C 8, De 227 L

Tty L

!:z - - - — - . - )
‘ 5 " TABIE B=15, Frequengy Distributions TABLE Ber..o, Frequency Distributions .
‘;; for Orthoqk,etnr? N-l, Near Aclhn,tV(Bctb) for OrthosRater P, Far Vertical Photﬁ

K N e e

i = et e s 7 = —

‘ .[ Sc‘.(me Test Retes-h - ~Sébz!e~ Test - Re,a,‘,es:'t

| i (20/13) T - 2 Aéb‘—"?"fé‘*:‘g' - - Z .
-+ - s Y T K - L
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